Introduction {#sec1_1}
============

Normal aortic function is compromised when the aorta loses its elasticity, resulting in stiffening of the aorta \[[@B1]\]. There is growing evidence that aortic stiffness is a subclinical marker of early atherosclerosis \[[@B1],[@B2],[@B3],[@B4],[@B5]\]. Aortic distensibility (AD) is a measurement of vascular elasticity, which reflects the stiffness of the aorta \[[@B6]\]. However, AD is markedly decreased in patients with known coronary artery disease (CAD) and is inversely proportional to the severity of CAD \[[@B7],[@B8],[@B9],[@B10],[@B11]\]. In addition, AD plays a key role in maintaining normal coronary blood flow \[[@B12]\].

The SYNTAX score (SS) is a lesion-based angiographic scoring system originally devised to grade the complexity of CAD \[[@B13]\]. It is related to adverse cardiovascular events and predicts mortality and morbidity in patients with CAD \[[@B14]\]. Although the inverse relationship between AD and atherosclerosis is well known \[[@B7],[@B8],[@B9],[@B10],[@B11]\], the possible relation between AD and the extent and complexity of disease in patients with stable CAD assessed using SS has not been clearly determined yet. In this study, we aimed to assess the relationship between AD and the extent and complexity of atherosclerotic lesions in patients with hypertensive and nonhypertensive stable CAD.

Subjects and Methods {#sec1_2}
====================

Study Population {#sec2_1}
----------------

In all, 376 consecutive patients (230 males and 146 females; mean age: 61.6 ± 9.9 years) with angiographically proven CAD admitted to our Cardiology Clinic for angiography between January 2012 and June 2012 were included. Angiography was performed for the investigation of ischemic heart disease based on clinical indications (typically chest discomfort and/or abnormal stress test results). The patients with coronary lesions with a diameter stenosis ≥50% in vessels ≥1.5 mm were included in the study. All patients were clinically stable. Exclusion criteria were the presence of neoplastic disease, heart failure, recent major surgical procedure, liver or kidney disease. Patients with previous myocardial infarction and angina episodes 48 h before hospitalization, who had undergone coronary angioplasty or bypass surgery and those with valvular, myocardial, or pericardial disease were also excluded. The study was conducted according to the recommendations set forth by the Declaration of Helsinki on Biomedical Research Involving Human Subjects. The Institutional Ethics Committee approved the study protocol, and each participant provided written, informed consent.

A detailed medical history was taken and a complete physical examination was conducted. In addition, systolic blood pressure (SBP) and diastolic blood pressure (DBP) were recorded. Fasting venous blood samples were obtained from all patients to determine laboratory parameters.

Echocardiography and AO {#sec2_2}
-----------------------

Standard two-dimensional examinations were performed using commercially available equipment (Vivid-7, GE Vingmed Sound, Horten, Norway) with a 2.5--3.5 MHz transducer before angiography. Simultaneous echocardiographic recordings were also obtained. Ejection fraction (EF) was determined using Simpson\'s method, according to the suggestions of the American Society of Echocardiography \[[@B15]\].

Ascending aorta (Ao) diameters were measured from the same view on the M mode tracing at a level of 3 cm above the aortic valve. The systolic diameter (AoS) was measured at the maximum anterior motion of the aorta and the diastolic diameter (AoD) was measured at the peak of the QRS complex on the simultaneously recorded echocardiograms. Pulse pressure (PP) was calculated as SBP minus DBP. The AD was calculated: AD = 2× (AoS − AoD)/(AoD × PP) (cm^2^ dyn^−1^ × 10^−6^) \[[@B16]\]. The patients were divided into two groups according to the median AD value (AD~low~ and AD~high~ groups).

All echocardiograms were performed and analyzed by one observer (M.G.). All echocardiographic measurements were repeated 1 week later by the same observer (M.G.) blinded to the results of the previous measurements and intraobserver coefficient of variation was between 3.0 and 6.7%.

SS and Angiographic Analysis {#sec2_3}
----------------------------

Coronary lesions leading to ≥50% diameter stenosis in vessels ≥1.5 mm were scored separately and added together to provide the cumulative SS, which was calculated using the SS algorithm on the baseline diagnostic angiogram \[[@B13]\]. Two experienced interventional cardiologists (Z.E., M.Ç.) analyzed the SS; the opinion of a third analyst (M.G.) was obtained and the final judgment was made by consensus in cases of disagreement. The final score was calculated from the individual lesion scores by analysts who were blinded to procedural data and clinical outcome. Inter- and intraobserver coefficient of variation for the assessment of the SS was 5.7 and 4.3%, respectively.

Statistical Analysis {#sec2_4}
--------------------

All analyses were conducted using SPSS 17.0 (SPSS for Windows 17.0, Chicago, Ill., USA). Continuous variables were expressed as mean ± SD and categorical variables were expressed as percentages. Distribution of continuous variables was assessed with 1-sample Kolmogorov-Smirnov test. Comparison of categorical variables among the groups was performed using the χ^2^ test. Comparisons of continuous variables between the two groups were performed using the independent samples t test. The Spearman\'s correlation analysis was used for the categorical data and the Pearson correlation analysis for the continuous data. Multiple linear regression analysis was used to determine the independent predictors of AD. All significant parameters in the univariate analysis were selected in the multivariate model.

Results {#sec1_3}
=======

The mean AD and SS values were 2.4 ± 1.5 cm^2^ dyn^−1^ ×10^−6^ and 13.4 ± 9.7, respectively. In all patients, New York Heart Association class was I-II. One hundred and fifty-five (41.2%) patients had one-vessel disease, 129 (34.3%) had two-vessel disease and 92 (24.5%) had three-vessel disease. Of the 376 obstructive CAD patients, 28 (7.4%) declined bypass surgery, 8 (2.1%) declined percutaneous coronary intervention (PCI) and 18 (4.8%) had unsuitable coronary anatomy for revascularization. Forty-three (11.4%) patients underwent coronary artery bypass grafting. In 7 (1.9%) patients, the operator was unable to cross lesions during the PCI procedure. PCI was performed in 272 (72.3%) patients who received at least one stent. Drug-eluting stents were used in 91 (24.2%) patients. There was no serious complication.

Baseline characteristics of subjects are shown in table [1](#T1){ref-type="table"}. Age, gender, SBP, DBP, PP, diabetes and hypertension incidences, EF, AoS, AoD, total cholesterol, triglyceride and creatinine values were statistically different between the groups. SS was significantly higher in the AD~low~ group compared to the AD~high~ group.

Bivariate and Multivariate Analysis of AD {#sec2_5}
-----------------------------------------

Bivariate analysis revealed that AD was significantly associated with age (r = −0.243, p \< 0.001), hypertension (r = −0.314, p \< 0.001), diabetes (r = −0.167, p = 0.001), PP (r = −0.397, p \< 0.001), SS (r = −0.482, p \< 0.001), EF (r = 0.156, p = 0.002), creatinine (r = −0.245, p \< 0.001) and oral antidiabetic use (r = −0.145, p = 0.004). Multiple linear regression analysis revealed that AD was independently associated with age (β = −0.104, p = 0.019), hypertension (β = −0.202, p \< 0.001) and SS (β = −0.457, p \< 0.001). Relationships between AD and SS were demonstrated in hypertensive patients (fig. [1](#F1){ref-type="fig"}).

AD in Hypertensive and Nonhypertensive Patients {#sec2_6}
-----------------------------------------------

AD value of hypertensive patients was lower than that of nonhypertensive patients (1.95 ± 1.13 cm^2^ dyn^−1^ × 10^−6^ vs. 2.86 ± 1.59 cm^2^ dyn^−1^ × 10^−6^, p \< 0.001). AD was more strongly associated with SS in hypertensive patients compared to nonhypertensive patients (r = −0.524 vs. r = −0.414, p \< 0.001 for all) (table [2](#T2){ref-type="table"}).

Discussion {#sec1_4}
==========

The present study showed that AD was independently associated with extent and complexity of CAD assessed with SS and hypertension in patients with stable CAD, as well as age. The relationship between SS and AD was stronger in patients with hypertensive stable CAD compared with nonhypertensive patients.

AD was impaired in atherosclerotic diseases such as CAD \[[@B7],[@B8],[@B9],[@B10],[@B11]\], carotid \[[@B17]\] and aortic atherosclerosis \[[@B9]\]. Experimental and clinical studies suggest that reduced AD is an early sign of atherosclerotic change \[[@B1],[@B2],[@B3],[@B4],[@B5]\]. Decreased AD has been related to increased cardiovascular mortality in different patient populations \[[@B18],[@B19]\]. Decreased AD was also observed in hypertensive patients \[[@B6],[@B20]\]. On the other hand, it is well known that aortic stiffness is an independent predictor of progression to hypertension in nonhypertensive individuals \[[@B21]\].

The relationship between severity of CAD and AD had been investigated in a limited number of studies \[[@B7],[@B8],[@B9],[@B10],[@B11]\]. Ahmadi et al. \[[@B7]\] reported that impaired AD measured by computed tomography was strongly correlated with the severity of coronary atherosclerosis. Yildiz et al. \[[@B8]\] showed that AD was independently correlated with the severity of CAD assessed by the Gensini score in 56 stable CAD patients. Siegel et al. \[[@B9]\] reported that a stiffer, less distensible aorta was associated with coronary atherosclerosis, particularly in the presence of calcified and mixed plaques \[[@B9]\]. This finding is consistent with our results because SS shows the complexity and extent of CAD. A previous study reported that small arterial elasticity measured on radial artery can predict the extent of CAD assessed by the Gensini score \[[@B10]\]. Giannattasio et al. \[[@B11]\] reported a significant relationship between subdiaphragmatic AD and the number of diseased coronary arteries in patients admitted with angina. Celik et al. \[[@B22]\] showed that there were no significant differences regarding the aortic elastic properties between patients with poor collateral vessels and those with good collateral vessels. In that study, the relationship between extent and complexity of CAD and AD was not investigated.

Functional and structural changes in the artery wall precede and accompany atherosclerosis \[[@B1]\]. Arterial stiffness is determined by the viscoelastic properties of the artery. These properties are a function of smooth muscles and elastin-to-collagen ratio, whereas the subendothelial matrix also affects arterial stiffness \[[@B1],[@B23]\]. Dysregulation of elastin-to-collagen ratio leads to overproduction of abnormal collagen and diminished quantities of normal elastin, which contributes to vascular stiffness \[[@B1]\]. An increase in elastic artery stiffness is related to functional and structural changes in arterial wall composition and occurs over a long period with advancing age \[[@B24]\], hypertension \[[@B6],[@B20]\] and atherosclerosis \[[@B7],[@B8],[@B9],[@B10],[@B11],[@B17]\]. In the present study, the relationships between AD and SS, age and hypertension support the above-mentioned mechanism.

The limitations of this study were that PP was noninvasively measured by cuff sphygmomanometer, but the noninvasively calculated aortic function indices are well correlated with indices derived from aortography. Prehospital medications could have affected our results. However, prehospital medications except oral antidiabetic use were not different between the groups. AD was associated with oral antidiabetic use in bivariate analysis. A similar relation was not observed in multiple linear regression analysis.

Conclusion {#sec1_5}
==========

The AD was independently related to the extent and complexity of CAD, as well as hypertension and age. The relationship between AD and the extent and complexity of CAD was stronger in hypertensive patients. Impaired AD might be an independent predictor for the extent and complexity of coronary atherosclerosis, in hypertensive patients in particular.

![Relationship between AD and SS in hypertensive patients.](mpp-0022-0260-g01){#F1}

###### 

Comparison of baseline and clinical characteristics, risk factors, laboratory findings and SS

                             AD~high~ group (n = 188)   AD~low~ group (n = 188)   p value
  -------------------------- -------------------------- ------------------------- ---------
  Age, years                 58.7±10.0                  64.6±8.8                  \<0.001
  Male gender, n (s%)        125 (66.5)                 105 (55.9)                0.022
  SBP, mm Hg                 121.2±15.5                 131.4±16.4                \<0.001
  DBP, mm Hg                 75.7±9.2                   78.6±10.6                 0.005
  Pulse pressure, mm Hg      45.4±10.4                  52.8±10.9                 \<0.001
  Smoking, n (s%)            69 (36.7)                  60 (31.9)                 0.192
  Hypertension, n (s%)       82 (43.6)                  103 (54.8)                0.019
  Diabetes, n (s%)           48 (25.5)                  76 (40.4)                 0.001
  Family history, n (s%)     78 (41.5)                  89 (47.3)                 0.214
  Hyperlipidemia, n (s%)     119 (63.3)                 101 (53.7)                0.114
  Total cholesterol, mg/dl   204.5±43.1                 192.7±44.3                0.022
  Triglyceride, mg/dl        184.8±116.6                153.7±80.8                0.003
  LDL-C, mg/dl               126.8±53.9                 119.8±39.1                0.152
  HDL-C, mg/dl               40.6±15.1                  42.3±14.0                 0.260
  Fasting glucose, mg/dl     126.1±68.1                 137.3±69.1                0.115
  Creatinine, mg/dl          0.84±0.22                  0.95±0.26                 \<0.001
  Ejection fraction, s%      64.5±4.7                   63.4±4.4                  0.020
  AoSD, mm                   33.7±2.8                   35.2±2.4                  \<0.001
  AoDD, mm                   31.3±2.9                   34.0±2.4                  \<0.001
  SS                         8.3±5.9                    18.5±10.2                 \<0.001

Continuous variables expressed as mean ± SD. LDL-C = Low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein cholesterol; AoSD = aortic systolic diameter; AoDD = aortic diastolic diameter.

###### 

Bivariate and multivariate relationships of AD

  Variables       Correlation coefficient   p value   Standardized β regression coefficients^a^   p value
  --------------- ------------------------- --------- ------------------------------------------- ---------
  Age             −0.243                    \<0.001   −0.104                                      0.019
  Gender          0.089                     0.086                                                 
  HT              −0.314                    \<0.001   −0.202                                      \<0.001
  PP              −0.397                    \<0.001                                               
  DM              −0.167                    0.001     0.034                                       0.487
  BMI             −0.032                    0.536                                                 
  SS              −0.482                    \<0.001   −0.457                                      \<0.001
  SS with HT      −0.524                    \<0.001                                               
  SS without HT   −0.414                    \<0.001                                               
  EF              0.156                     0.002     −0.002                                      0.967
  TC              0.070                     0.183                                                 
  TG              0.130                     0.013     0.059                                       0.215
  Creatinine      −0.245                    \<0.001   −0.039                                      0.444
  OAD use         −0.145                    0.004     0.028                                       0.532

HT = Hypertension; DM = diabetes mellitus; BMI = body mass index; TC = total cholesterol; TG = triglyceride; OAD = oral anti-diabetic drug.
